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(54) Antenna apparatus 

(57) An uplink transceiver circuit (16) of an in-vehi- 
cle transponder (12) is configured using a modulator 
(24) having reciprocal characteristics. A continuous 
wave received by an element antenna (26) is modulated 
by the reciprocal modulator (24) and re-radiated from an 
element antenna (28). Conversely, a continuous wave 
received by the element antenna (28) is modulated by 
the reciprocal modulator (24) and re-radiated from the 

POSITIONED 
APPROXIMATELY W2 APART 



element antenna (26). The signals re-radiated from 
these element antennas (26, 26) are an in-phase com- 
bination in the direction of the incoming continuous 
wave so that the directivity for transmission narrows and 
the gain increases. For the reception of the continuous 
wave, a broad receiving directivity, which each element 
antenna (26, 28) individually provides, can be realized. 
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Description 
* BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 5 

[0001] The present Invention relates to a passive 
transponder for use in Electronic Toll Collection Sys- 
tems and the like, and more particularly to an antenna 
apparatus that can be used as an in-vehicle uplink io 
transceiver circuit. 

DESCRIPTION OF THE RELATED ART 

[0002] An Electronic Toll System (ETC) exchanges is 
radio signals between vehicles traveling on a road and a 
roadside facility so that the facility can charge each 
vehicle or driver with an appropriate toll, provide each 
vehicle with road traffic information, and detect vehicles 
that have not properly paid the tol. Radio signals in this 20 
system are generally sent in the microwave band. For 
the apparatus for the transmission and reception of the 
radio signals, an interrogator is disposed along the 
roadside (such as on a bridge structure extending over 
the road) and a transponder is carried in each vehicle 25 
(refer to Japanese Patent Laid-Open Publication No. 
Hei 9-98106). In the basic communication procedure, 
the interrogator performs indiscriminate acquisition 
toward the road and the transponder responds to this 
acquisition when entering the cover area of the inter ro- so 
gator. 

[0003] Because the transponder in this system is car- 
ried in vehicles, compact size, low power consumption, 
and low cost are desirable to make the product suitable 
tor the market For example, it is desirable to implement 35 
the transponder in the form of an RF-IC card, which 
houses the bulk of the RF (radio frequency) circuitry. 
The utilization of transponders is a well-known art in the 
field of radio repeater systems and radar beacon sys- 
tems and the transponder may be an active type, which 40 
amplifies or converts in frequency the received signal 
and reradiates it. or a passive type, which re-radiates 
the signal without amplification or frequency conversion. 
The active type of transponder is being considered for 
use in ETCs in Japan while the passive type having a 45 
simple circuit configuration, low power consumption, 
and low cost are being used in ETCs in other Asian 
countries and in Europe. 

[0004] However, there are several problems associ- 
ated with use of a passive transponder in Europe, one so 
being that the interrogator may not be able to receive a 
response at a sufficient strength since the received sig- 
nal is re-radiated without amplification by the trans- 
ponder. To resolve this problem, it is sufficient to 
increase the gain of the transponder, but to increase 55 
gain with a passive transponder, it is necessary to raise 
the gain of its antenna and. to raise the gain of the 
antenna, a plurality of element antennas may be 



arrayed and the signals at the element antennas may be 
combined so as to narrow the directivity of the antenna 
(array antenna). However, in this method, the transmit- 
ting directivity and receiving directivity both become 
narrow so as to impair the broad receiving directivity, in 
which the directivity during reception is sufficiently 
broad. 

[0005] An in-vehicle transponder ideally should be 
able to respond to an incoming acquisition from any 
direction. As shown in Fig. 9, when a moving trans- 
ponder 1 2 enters the cover area of an interrogator 1 0, rt 
is necessary for the Directivity (beam width) of the inter- 
rogator 10 to be broad and for the transponder 12 to 
have a sufficientfy broad receiving directivity so as to 
sufficiently broaden the "transaction coverage", namely, 
the range in which the transponder 12 can respond to 
the acquisition from the interrogator 10 and in which the 
interrogator 10 can receive this response at a sufficient 
strength. However, when an antenna having narrow 
directivity and Ngh antenna gain, such as an array 
antenna, is used in the transponder 12, the transaction 
coverage is narrowed. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to realize 
a compact size, and low cost passive transponder hav- 
ing the same broad directivity during reception as the 
known art. but having a higher antenna gain during 
transmission. 

[0007] In order to achieve this object, in the present 
invention are provided a predetermined number of mod- 
ulators each having a first terminal and a second termi- 
nal, a predetermined number of first antennas provided 
to correspond with each modulator and connected to 
the first terminal of corresponding modulators, and a 
predetermined number of second antennas provided to 
correspond with each modulator and connected to the 
second terminal of corresponding modulators. Further- 
more, in the present invention, each modulator is a 
reciprocal modulator that simultaneously executes with 
identical delay times an operation to perform modula- 
tion on a signal input from the first terminal and to output 
it from the second terminal and an operation to perform 
modulation on a signal input from the second terminal 
and to output it from the first terminal. 
[0008] By using the reciprocal modulator in this man- 
ner, in the present invention, the first transponder circuit 
from the first element antenna to the second element 
antenna via the modulator and the second transponder 
circuit from the second element antenna to the first ele- 
ment antenna via the modulator can be realized with a 
simple circuit configuration of two element antennas 
and one modulator. The receiving directivity of the first 
and second transponder circuits is established by the 
directivity of the first element antenna and the second 
element antenna, respectively, so that the receiving 
directivity is at least as broad as that of previous single 
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transponders. At the same time, the transmitting dr ac- 
tivity of the first and second transponder circuits 
becomes narrow and the gain rises compared to those 
systems. This is possible because the re-radiated radio 
signal via the first transponder circuit and the reradiated 5 
radio signal via the second transponder circuit are both 
signals that are received, modulated, and re-radiated 
via the same signal path (in opposite directions) of first 
element antenna, modulator, and second element 
antenna, and are reradiated in a narrow beam width at 10 
high gain in the direction of the incoming signal from the 
interrogator. Therefore, in the present invention, it is 
possible to realize a compact size and low cost passive 
transponder having a broad receiving directivity equiva- 
lent to that of known systems, but having a higher 75 
antenna gain during transmission. 

[0009] Although one set of modulator, first element 
antenna, and second element antenna may be used in 
realizing the antenna apparatus related to the present 
invention, providing a plurality of sets can be used to fur- 20 
ther improve characteristics. For example, regardless of 
whether they are in identical or different sets, all of a plu- 
rality of first and second element antennas are posi- 
tioned on a common, predetermined line. With such an 
arrangement, it is possible to further narrow the direct tv- 25 
ity for transmission and to further increase the gain. Fur- 
thermore, if the antenna arrangement line connecting 
the positions of the first and second element antennas 
that form the first set, the antenna arrangement line 
connecting the positions of the first and second element 30 

antennas that form the second set and the antenna 

arrangement line connecting the positions of the first 
and second element antennas that form the last set are 
different lines all belong to a common plane, the effects 
of the above-mentioned broad receiving directivity and 35 
the narrow transmitting directivity can be extended in 
two dimensions. 

[0010] Furthermore, the present invention can be 
understood to be not only an antenna apparatus but 
also a transponder. Namely, the transponder related to 40 
the present invention is an in-vehicle transponder hav- 
ing a downlink receiver circuit for receiving the acquisi- 
tion sent by radio transmission from the fixed position 
interrogator, an in- vehicle uplink transceiver circuit for 
receiving a continuous wave sent by radio transmission 45 
from the interrogator and performing modulation on and 
transmitting the continuous wave, and a signal process- 
ing section for supplying a modulating signal for the 
above-mentioned modulation to the in-vehicle uplink 
transceiver circuit necessary for responding to the so 
acquisition received from the downlink receiver circuit. 
The transponder is of the passive type, in which the in- 
vehicle uplink transceiver circuit does not perform 
amplification and frequency conversion, wherein the in- 
vehicle uplink transceiver circuit is an antenna appara- ss 
tus of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 is a block diagram showing a configuration of 
a transponder related to a first embodiment of the 
present invention. 

Figs. 2 A, 2B, and 2C respectively show functions of 
an uplink transceiver circuit in the first embodiment. 
Fig. 3 illustrates the principle of in-phase combina- 
tion in the first embodiment. 
Fig. 4 shows broad receiving directivity in the first 
embodiment. 

Fig. 5 shows narrow transmitting directivity at high 
gain in the first embodiment. 
Fig. 6 illustrates a relationship between the trans- 
ponder and an interrogator in the first embodiment. 
Fig. 7 shows a configuration of the transponder in a 
second embodiment of the present invention. 
Fig. 8 shows a configuration of the transponder in a 
third embodiment of the present invention. 
Fig. 9 illustrates a relationship between a prior art 
transponder and interrogator. 

DETAILED DESCRIPTION OTTHE PREFERRED 
EMBODIMENTS 

[0012] Preferred embodiments of the present inven- 
tion are described hereinafter with reference to the 
drawings. Components corresponding to those already 
described with reference to Rg. 9 are assigned identical 
reference numerals and their descriptions are not 
repeated. 

[0013] Fig. 1 shows the configuration of an in-vehicle 
transponder 12 related to a first embodiment of the 
present invention. The transponder 12 shown in this fig- 
ure has a downlink receiver circuit 14. an in-vehicle 
uplink transceiver circuit 16, and a signal processing 
section 18. The downlink receiver circuit 14 has an ele- 
ment antenna 20 for receiving signals regarding acqui- 
sition that is transmitted from the interrogator 10 and a 
detector 22 for detecting the signal that is received from 
the element antenna 20 and supplying it to the signal 
processing section 18. The signal processing section 
18. upon receiving the acquisition from the interrogator 
10 by the downlink receiver circuit 14, responds by gen- 
erating a modulating signal and supplies it to a recipro- 
cal modulator 24 within the uplink transceiver circuit 16. 
[0014] The uplink transceiver circuit 16 comprises, in 
addition to the reciprocal modulator 24, element anten- 
nas 26 and 28. The interrogator 10 transmits a continu- 
ous signal so that the transponder 12, which receives 
the acquisition, can respond to this acquisition. The ele- 
ment antennas 26 and 28 both receive this continuous 
wave and supply it to the reciprocal modulator 24. The 
reciprocal modulator 24 applies a predetermined modu- 
lation process, such as phase modulation or amplitude 
modulation, based on the modulating signal from the 
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signal processing section 18. on the continuous wave 
that was received from the element antenna 26 and re- 
radiates it from the element antenna 28. The reciprocal 
modulator 24 applies modulation, based on the modu- 
lating signal, also on the continuous wave that was s 
received from the element antenna 28 and re-radiates it 
from the element antenna 26. Therefore, in this embod- 
iment, a first transponder circuit 30 (refer to Fig. 2A) 
from the element antenna 26 to the element antenna 28 
via the reciprocal modulator 24. and a second trans- w 
ponder circuit 32 (refer to Fig. 2B) from the element 
antenna 28 to the element antenna 26 via the reciprocal 
modulator 24 are realized with a single reciprocal mod- 
ulator 24 and element antennas 26 and 28 to realize a 
compact unit {refer to Fig. 2C). , 5 

[001 5] The reciprocal modulator 24 comprises a pas- 
sive device and a device such as a pin diode, the char- 
acteristic of which is reciprocal. Namely, modulation is 
performed with identical characteristics for the signal 
relating to the first transponder circuit 30 and for the sig- 20 
nal relating to the second transponder circuit 32. There- 
fore, as shown in Figs. 2A to 2C, the phase shift in the 
signal transmission path from the element antenna 26 
to the element antenna 28 via the reciprocal modulator 
24, and the phase shift in the signal path from the eJe- 25 
ment antenna 28 to the element antenna 26 via the 
reciprocal modulator 24 are identical, both being *>D. 
[001 6] Furthermore, it is assumed that the continuous 
wave from the interrogator 10 is arriving from a certain 
direction e (refer to Fig. 3). At this time, modulation by zo 
the reciprocal modulator 24 is performed on the contin- 
uous wave that was received from the element antenna 
26 and the modulated signal is re-radiated from the ele- 
ment antenna 28. A tine BD in Fig. 3 connects the points 
where the phases are identical for the signal received by 35 
the element antenna 26 and the signal reradiated by the 
element antenna 28. In the same figure, A and E repre- 
sent the directions of the incoming and re-radiated sig- 
nals. B represents the radiating point of the element 
antenna 26, and C represents the radiating point of the 40 
element antenna 28. The distance from point C to point 
D can be expressed as d * sine . Here, d represents the 
spacing between the element antenna 26 and the ele- 
ment antenna 28. and in this figure, is approximately 1/2 
times the free-space wavelength X of the signal from the 45 
interrogator 10. The signal received by the element 
antenna 28 from the intenogator 10, although opposite 
in direction, also passes the interval CD of length 
d • sine . Therefore, the signal that is re-radiated by the 
element antenna 26 and the signal that is re-radiated by so 
the element antenna 28 intensify each other (in-phase 
combination) in the directions A and E in Fig. 3 so that 
as compared to individual signals, the gain increases by 
6dB. 

[001 7] Therefore, according to this embodiment, whil e ss 
a broad receiving directivity simitar to using the element 
antenna 26 and 28 individually can be realized (refer to 
Fig. 4), a high gain and narrow directivity at least equiv- 



alent to an array antenna can be realized (refer to Fig. 5) 
for the transmission of signals. Therefore, as shown in 
Fig. 6. broadening the transaction coverage and improv- 
ing the transmission-related antenna gain can be simul- 
taneously realized. Alternatively, it is possible to 
configure the transponder using a so-called phased 
array antenna and to receive and capture a signal from 
the interrogator at the transponder so as to track the sig- 
nal. However, with such a configuration, a targe number 
of phase shifters and control circuits to control them are 
required, making it difficult to realize a compact appara- 
tus, such as an RF-IC card. In this embodiment such a 
large increase in size of the apparatus configuration 
does not occur. The uplink transceiver circuit 16 can be 
configured from one reciprocal modulator 24 and two 
element antennas 26 and 28, thus resulting in a conn- 
pact and low cost apparatus configuration. 

[0018] Furthermore, according to this embodiment, a 
transponder resistant to interference waves can be 
obtained. Namely, when the element antennas 26 and 
28 receive an interference wave, a "response" to this 
interference wave is re-radiated with narrow directivity in 
the direction of the incoming interference wave. There- 
fore, the interference wave can be prevented from 
adversely affecting the operation of the transponder 12 
or the interrogator 10. This sort of property, namely, the 
immunity to interference, is particularly effective when 
using the ISM (industrial Scientific Medical) band gen- 
erally containing many different types of signals. 
[0019] Fig. 7 shows a configuration of an in-vehicle 
transponder 12 according to a second embodiment of 
the present invention. In this embodiment the uplink 
transceiver circuit 16 comprises a first circuit set, com- 
prising a reciprocal modulator 24A and element anten- 
nas 26A and 28A, and a second circuit set comprising 
a reciprocal modulator 24B and element antennas 26B 
and 28B. Each circuit set respectively operates in an 
identical manner as the reciprocal modulator 24 and the 
element antennas 26 and 28 in the first embodiment. 
The element antennas 26A, 26B, 28A, and 28B have a 
collinear arrangement at an equidistant spacing (such 
as approximately A/2). With such a configuration, in 
addition to achieving the same effect as the above- 
described first embodiment, the strength of the signal 
that is re-radiated increases by 6 dB compared to the 
first embodiment due to the increased number of ele- 
ment antennas. 

(0020] Fig. 8 shows a configuration of an in-vehicle 
transponder 12 according to a third embodiment of the 
present invention. In this embodiment as well, two recip- 
rocaf modulators are provided as in the second embod- 
iment, and four element antennas for the uplink 
transceiver circuit 16 are provided. Furthermore, in the 
device according to this embodiment, the line connect- 
ing the element antenna 26A and the element antenna 
28A and the line connecting the element antenna 26B 
and the element antenna 28B are orthogonal to each 
other. The distance from the intersection of these lines 
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to each element antenna is each approximately A/4. In 
this manner, a two-dimensional or coplanar arrange- 
ment of the element antennas 26A, 26B, 28A, and 28B 
yields a broad receiving directivity and high-gain trans- 
mitting directivity as well as tolerance to changes in 
position of the transponder 12 with respect to the inter- 
rogator 1 0. For example, in an ETC for an expressway, 
it is possible to respond to the acquisition from the inter- 
rogator 10 even if a vehicle carrying the transponder 12 
is oriented forward at a slight angle or the transponder 
12 has been installed at a slight angle. 

[0021] While there have been described what are at 
present considered to be preferred embodiments ol the 
present invention, it will be understood that various 
modifications may be made thereto, and it is intended 
that the appended claims cover all such modifications 
as fall within the true spirit and scope of the invention. 
[0022] An uplink transceiver circuit (16) of an in-vehi- 
cle transponder (12) is configured using a modulator 
(24) having reciprocal characteristics. A continuous 
wave received by an element antenna (26) is modulated 
by the reciprocal modulator (24) and re- radiated from an 
element antenna (28). Conversely, a continuous wave 
received by the element antenna (28) is modulated by 
the reciprocal modulator (24) and re-radiated from the 
element antenna (26). The signals re-radiated from 
these element antennas (26. 28) are an in-phase com- 
bination in the direction of the incoming continuous 
wave so that the cfrectrvity for transmission narrows and 
the gain increases. For the reception of the continuous 
wave, a broad receiving directivity, which each element 
antenna (26. 28) individually provides, can be realized. 

Claims 

1 . An antenna apparatus comprising: 

a predetermined number of modulators each 
having a first terminal and a second terminal; 
a predetermined number of first element anten- 
nas disposed to correspond with each modula- 
tor and connected to the first terminal of 
corresponding modulators; and 
a predetermined number of second element 
antennas disposed to correspond with each 
modulator and connected to the second termi- 
nal of corresponding modulators; 
wherein each modulator is a reciprocal modu- 
lator that simultaneously executes with identi- 
cal phase shifts an operation to modulate a 
signal input from the first terminal and to output 
the resulting signal from the second terminal, 
and an operation to modulate a signal input 
from the second terminal and to output the 
resulting signal from the first terminal. 

2. The antenna apparatus according to claim 1 
wherein said modulators, first element antennas. 



and second element antennas are disposed as a 
plurality of sets, and all first and second element 
antennas are disposed on a common and predeter- 
mined line. 

5 

3. The antenna apparatus according to claim 1 
wherein: 

said modulators, first element antennas, and 
10 second element antennas are disposed as a 

plurality of sets; 

an antenna arrangement line connecting the 
first and second element antennas forming an 
arbitrary set is different from the antenna 
is arrangement line of another arbitrary set; and 

antenna arrangement lines of the sets belong 
to the same predetermined plane. 

4. A transponder of a passive type comprising: 

20 

a downlink receiver circuit for receiving acquisi- 
tion that was sent by radio transmission; 
an in-vehicle uplink transceiver circuit for 
receiving a continuous wave that was sent by 
25 radio transmission from said interrogator, and 

performing modulation on and transmitting the 
continuous wave: and 

a signal processing section for supplying a 

modulating signal for said modulation to said 
30 uplink transceiver circuit necessary for 

responding to the acquisition received from 

said downlink receiver circuit; 

wherein said uplink transceiver circuit does not 

perform signal amplification and frequency 
35 conversion and is the antenna apparatus of any 

one of claims 1-3. 
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(54) Antenna apparatus 

(57) An uplink transceiver circuit (16) of an in-vehi- 
cle transponder (12) is configured using a modulator 
(24) having reciprocal characteristics. A continuous 
wave received by an element antenna (26) is modulated 
by the reciprocal modulator (24) and re-radiated from an 
element antenna (28). Conversely, a continuous wave 
received by the element antenna (28) is modulated by 
the reciprocal modulator (24) and re-radiated from the 



element antenna (26). The signets re-radiated from 
these element antennas (26, 28) are an in-phase com- 
bination in the direction of the incoming continuous 
wave so that the directivity for transmission narrows and 
the gain increases. For the reception of the continuous 
wave, a broad receiving directivity, which each element 
antenna (26, 28) individually provides, can be realized. 



CO 
< 

o 



rTffrnrinfn 

APPRQXMATB.YUIAPAHT 



16^ 

TRANSCEIVER 
CHCUTTPOn UPUMC 



24 



1 



JKOPfWCAj 
MOOOUTOHI 



12 

T 



RECEIVER CIRCUIT 
FOfi DOWNLINK 



DETECTOR 



MODlftATfttSttAL 



I 




Fig.1 



Q. 



PrirtBd by Xesox (UK) Business Services 
2.16.7 (HRSV3j6 



BNSDOCID- <EP 0951090A3_I_> 



* 



EP 0 951 090 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 99 10 7565 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cateoocyi Citation of document with indication, where appropriate, 
1 of relevant passages 



Y 
X 



i 

2 



US 3 142 837 A (JOHNSON C M) 
28 July 1964 (1964-87-28) 

* colum 2, line 50 - colimn 3, line 38 * 

* column 5, line 6-27; figures 2-5 * 



US 5 387 916 A (COHN MARVIN) 
7 February 1995 (1995-82-07) 

* figures 4,8 * 

WO 95 26511 A (BOSCH GMBH ROBERT ;KERSKEN 
ULPICH (0E); GRAB0W W1LHELM (DE); DETLE) 

5 October 1995 (1995-18-05) 

* figure 1 * 

US 2 908 082 A (VAN ATTA L C) 

6 October 1959 (1959-10-06) 

* claims 1-3 * 

US 3 757 335 A (GRUEMBERG E) 
4 September 1973 (1973-09-84) 

* figure 1 * 

US 5 276 449 A (WALSH JOHN B) 
4 January 1994 (1994-81-04) 

* abstract * 



Relevant 
L to claim 


CLASSIFICATION OF THE 
APPLICATION (IM.CL6) 


1-3 


nvf x\f »>/ £ o 

G87B15/80 
G91S13/G2 


4 




1-3 




4 




1-3 




i 

i 

i 

1 






TECHNICAL FIELDS 
SEARCHED (WLCU) 


1 


HGIQ 
G07B 
GDIS 



The present search report has been drawn up for si claims 



THE HAGUE 



Dot* d canptonon oi rw March 

6 February 2801 



Van Dooren, G 



CATEGORY OF CITED DOCUMENTS 

X : particularly ntovatt M taken alone 

Y *. particularly reJavant i combined wrth another 

Oocwnent o* the same category 
A : technotogicar background 
O : non wi m andisctoaure 



T : theory orpnnojjla undertyng *e invention 
E:eajtierpanmoocumafii.bupuceshedoa or 

after the Mng dale 
D *. document cead in I 
L : decuman cited Ion 



of the same patent taney. conesponding 



2 



BNSDOCO. <EP 



0951090A3J > 



I 



EP 0 951 090 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 10 7565 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP lite on 

The European Patent Office is in no way liable lor these particulars which are merely given for the purpose of information. 

06-02-2081 



Patent document 
cited in search report 


Publication 

date 


Patent family 
members) 


Publication 
date 


US 3142837 


A 


28-07-1964 


NONE 






US 5387916 


A 


07-02-1995 


US 


5254997 A 


19-10-1993 








JP 


7198838 A 


01-Q8-1995 








OP 


6214019 A 


05-08-1994 


WO 9526511 


A 


05-10-1995 


DE 


4410896 A 


05-10-1995 








AT 


170633 T 


15-09-1998 








CZ 


9602580 A 


13-08-1997 








DE 


59503434 D 


08-10-1998 








EP 


0753159 A 


15-01-1997 








ES 


2121359 T 


16-11-1998 








HU 


76006 A 


30-06-1997 








PL 


316381 A 


06-01-1997 








US 


5734965 A 


31-03-1998 


US 2988002 


A 


06-10-1959 


NONE 






US 3757335 


A 


04-09-1973 


FR 


2206019 A 


31-05-1974 








66 


1403998 A 


28-08-1975 


US 5276449 


A 


04-01-1994 


NONE 







I 

s . 

— 

uj For more details about this annex : see Official Journal ot |he European Patent Office. No. 12/82 



3 



BNSOOCID: <EP 



0951OS0A3_l_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

[^BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
C^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
[J LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



